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?ABSTRACT
In Radio communications systems such as Wireless LAN, it is extremely
important to understand the service area if the base station is placed indoors.A
method that can estimate the electric field intensity for a complex layout such
as an indoor environment is the ray-tracing method. In this method, the elec-
tric field intensity can be estimated rather easily by deriving only the geomet-
rical tracing between the transmitter and receiver.
In image-based ray tracing, the possible permutations of reflectors (walls,
doors, and sides of pieces of furniture) are all chosen to exhaustively gener-
ate images of a signal source and, for each generated image, the existence
of an actual ray path that leaves the image and reaches the destination is in-
vestigated.In a typical indoor environment, where the reflectors are arranged
parallel or perpendicular to each other, permutations of reflectors generate
many image duplicates; that is, different permutations of reflectors generate
the same image.
Focusing on this fact, this paper proposes a novel technique for accelerating
the image-based ray tracing. The key idea of the proposal is to choose a lim-
ited set of the permutations of reflectors to generate necessary and sufficient
images without duplication.
The proposed technique avoids the redundant ray-path search to reduces
the run time of ray tracing without degrading the accuracy. The simulation
experiments verify that the proposed technique makes the ray tracing much
less demanding of computation.
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Gt(θ ,φ) = Gr(θ ,φ) = 1????????????? Pr ?
Pr =
λ 2
4piµ0
∣∣∣∣∣ n∑i=1E ie−iφi
∣∣∣∣∣
2
(2.24)
?????????????? 1?? n??????????? 1????????
????????φi ??? i??? 2piri/λ ????ri ??? i??????????
????????
|Ei|=
√
µ0Pt
4pir2i
Ri (2.25)
????????Ri ??? i???????????????????????ri ?
?? i?????????????
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Pr =
λ 2
4piµ0
∣∣∣∣∣ n∑i=1E ie−iφi
∣∣∣∣∣
2
=
λ 2
4piµ0
(
n
∑
i=1
√
µ0Pt
4pir2i
Rieie−iφi
)(
n
∑
j=1
√
µ0Pt
4pir2j
R je jeiφ j
)
=
λ 2Pt
(4pi)2
(
n
∑
i=1
Ri
ri
eie−iφi
)(
n
∑
?=1
R j
r j
e jeiφ j
)
=
λ 2Pt
(4pi)2∑i
R2i
r2
+
λ 2Pt
4pi ∑i ∑j ̸=i
RiR j(ei · e j)
rir j
e−i(φi−φ j)
????
∑
i
∑
j ̸=i
RiR j(ei · e j)
rir j
e−i(φi−φ j) =∑
i
∑
j>i
RiR j(ei · e j)
rir j
(
e−i(φi−φ j)+ e−i(φ j−φi)
)
= 2∑
i
∑
j>i
RiR j(ei · e j)
rir j
cos(φi−φ j)
=∑
i
∑
j ̸=i
RiR j(ei · e j)
rir j
cos(φi−φ j)
?????
Pr =
λ 2Pt
(4pi)2∑i
R2i
r2
+
λ 2Pt
4pi ∑i ∑j ̸=i
RiR j(ei · e j)
rir j
cos(φi−φ j), (2.26)
?????
L=
λ 2
(4pi)2∑i
R2i
r2i
+
λ 2
(4pi)2∑i ∑j ̸=i
RiR j(ei · e j)
rir j
cos(φi−φ j). (2.27)
????????ei ??????? Ei ???????????????.?????
???????????????????????????????????????
? 2???? i? j??????????????????????????????
?????? 3??? 3.8? 4??? 4.7????????????
2.5.3 2???????????
??????????????? (Fresenel)??????????????????
???????????????????????????????????????
???????????? k?????????????????????? f???
26 ? 2? ??????
?????????? Ei ???????????????????????????
????????????????????????? n????
n=
k× f√
1− (k× f )2 (2.28)
??????????????????????? E⊥ ?????? E‖ ??????
E⊥ = (E i ·n) (2.29)
E‖ = E i−E⊥ = E i− (E i ·n) (2.30)
????????????? E‖ ?????????? R‖????? T‖ ????
TM(Transverse Magnetic) ??? (? 2.11) ?????????? i ????????
? Z?
Zi =
√
µi
εi
(2.31)
?????????????????
R‖ =
Z1 cosθ1−Z2 cosθ2
Z1 cosθ1+Z2 cosθ2
, T‖ =
2Z2 cosθ1
Z1 cosθ1+Z2 cosθ2
, (2.32)
?????????? θ1,θ2 ??????????????????????????
?????????????
cosθ2 =
√
1− sin2 θ2 =
√
1− n
2
1
n22
sin2 θ1 =
1
ni j
√
n2i j− sin2 θ1 (2.33)
???
ni
def
=
√
µi
µ0ε0
(εi− iσiω )
=
√
µi
µ0ε0
√
1
2
{√
1+(
σi
ε0ω
)2+1
}
− i
√
µi
µ0ε0
√
1
2
{√
1+(
σi
ε0ω
)2−1
}
ni j
def
=
n j
ni
(2.34)
µ1?εi?σi ??? i?????????????ni j ??? i?????? j???
???????εi = 0????????????ni j ̸= 0?????????????
?????????? εi = 0?????ni j ̸= 0????????????
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E‖ =
√
µ1
ε1
cosθ1−
√
µ2
ε2
cosθ2√
µ1
ε1
cosθ1+
√
µ2
ε2
cosθ2
=
√
ε2µ1
ε1µ2
cosθ1− cosθ2√
ε2µ1
ε1µ2
cosθ1+ cosθ2
=
µ1
µ2
ni j cosθ1− 1ni j
√
n2i j− sin2 θ1
µ1
µ2
ni j cosθ1+ 1ni j
√
n2i j− sin2 θ1
=
µ1n2i j cosθ1−µ2
√
n2i j− sin2 θ1
µ1n2i j cosθ1+µ2
√
n2i j− sin2 θ1
=
µ1n2i j|k · f |−µ2
√
n2i j+(k · f )2−1
µ1n2i j|k · f |+µ2
√
n2i j+(k · f )2−1
.
(2.35)
??????
T‖ =
2µ2n12 cosθ
µ1n212 cosθ +µ2
√
n212− sin2 θ
=
2µ2n12|k · f |
µ1n212|k · f |+µ2
√
n212− (k · f )2−1
.
(2.36)
???????????? E⊥ ???????????????????????
?TE ??????????????????????
T⊥ =
Z2 cosθ1−Z1 cosθ2
Z2 cosθ1+Z1 cosθ2
,T⊥ =
2Z2 cosθ1
Z2 cosθ1+Z1 cosθ2
, (2.37)
??????????????????
R‖ =
µ1 cosθ1−µ1
√
n2i j− sin2 θ1
µ1 cosθ1+µ1
√
n2i j− sin2 θ1
=
µ2| f · k|−µ1
√
n2i j+(k · f )2−1
µ2| f · k|+µ1
√
n2i j+(k · f )2−1
,
T‖ =
2µ2 cosθ1
µ2 cosθ1+µ1
√
n2i j− sin2 θ1
=
2µ2| f · k|
µ2| f · k|+µ1
√
n2i j+(k · f )2−1
.
????????????? E‖ ????? R‖|E‖|er?????????? E⊥ ?
???? R⊥E⊥ ??????? er ?????????????????????
kr(= k+2|k · f | f )??????????????
er =
kr×n√
1− (kr ·n)2
. (2.38)
??????????? Er ?
Er = R‖|E‖|er+R⊥E⊥ = R‖|E− (E ·n)n|er+⊥ E⊥(E ·n)n. (2.39)
?????????? Et ?
Et = T‖E‖+T⊥E⊥ = T‖E+(T⊥T‖)(E ·n)n. (2.40)
28 ? 2? ??????
2.5.4 3??????????
????? ∆w???????????????????????????
T =
T12T21e jβ
1+R12R21e j2β
(2.41)
???????????T12,T12 ?????????? 1????? 2???????
????????? 2???????????????????R12,R21 ??????
1????? 2???????????????? 2???????????????
????
?????? 2????????????????? θ1?θ2 ?????? 1???
?? 2????????????????????? θ2?θ1 ???????????
????????? (2.32)??
R12 =
Z1 cosθ1−Z2 cosθ2
Z1 cosθ1+Z2 cosθ2
=−Z2 cosθ2−Z1 cosθ1
Z1 cosθ1+Z2 cosθ2
=−R21 (2.42)
??? R12 = −R21 ?????????????????????????????
?????????????????????????????
T12T21 = (1−R212)
??????????????????? (2.41)????????????????
?????????
T =
(1−R212)eiβ
1−R212ei2β
????
?? β ??
β =
2pi
λ
∆
√
n212− sin2 θ1 (2.43)
??????? λ ????????????????????
√
n212− sin2 θ1 =
√
µ2
µ0ε0
(
ε2− iσ2ω
)
− sin2 θ1
=
√
µ2ε2
µ0ε0
√√√√(1− sin2 θ1µ2ε2
µ0ε0
)
− i σ2
ε2ω
=
√
µ2ε2
µ0ε0
√
cos2 θ2− i σ2ε2ω (2.44)
????
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1
?
1
?
2
?
2
?
? 2.9 ????
√
cos2 θ2− i σ2ε2ω = x+ iy?????
x=−cosθ2
√√√√√1
2

√
1+
(
σ2
ε2ω cos2 θ2
)2
+1
,
y= cosθ2
√√√√√1
2

√
1+
(
σ2
ε2ω cos2 θ2
)2
−1

????????
β =−2pi
λ
∆w
√
µ2ε2
µ0ε0
cosθ2

√√√√√1
2

√
1+
(
σ2
ε2ω cos2 θ2
)2
+1

− i
√√√√√1
2

√
1+
(
σ2
ε2ω cos2 θ2
)2
−1


=−∆w√µ2ε2ω cosθ2

√√√√√1
2

√
1+
(
σ2
ε2ω cos2 θ2
)2
+1

− i
√√√√√1
2

√
1+
(
σ2
ε2ω cos2 θ2
)2
−1

 . (2.45)
????
30 ? 2? ??????
???β ????? (imaginary part)??? 2?????????????????
??????????
eiβ = exp
−∆w√µ2ε2ω cosθ2
√√√√√1
2

√
1+
(
σ2
ε2ω cos2 θ2
)2
−1

 (2.46)
???????σ2/(ε2ω cos2 θ2)≪ 1???
eiβ = exp
−∆w√µ2ε2ω cosθ2
√√√√1
2
{
1+
1
2
(
σ2
ε2ω cos2 θ2
)2
−1
}
= exp
(
−∆w√µ2ε2ω cosθ2 σ22ε2ω cos2 θ2
)
= exp
(
− ∆w
cosθ2
σ2
2
√
µ2
ε2
)
(2.47)
??????????????????????????????????????
???ITU-R????????????????????????? 2.1??? [1]?
? 2.1 ????????
1GHz 57.5GHz 78.5GHz 95.9GHz
?????? 7.0 - i 0.85 6.50 - i 0.43 — 6.20 - i 0.34
???????? 2.0 - i 0.50 — — —
???????? — 3.91 - i 0.33 3.64 - i 0.37 3.16 - i 0.39
????? — 2.25 - i 0.03 2.37 - i 0.10 2.25 - i 0.06
??????? 1.2 - i 0.01 1.59 - i 0.01 1.56 - i 0.02 1.56 - i 0.04
??? 7.9 - i 0.10 6.81 - i 0.17 — —
???????? 1.2 - i 0.10 — — —
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Er
Hr
Ei
Hi
??
??
?
?
TE?
???
? 2.10 TE?
Er
Hr
Ei
Hi
??
??
?
?
TM?
???
? 2.11 TM?
2.6 ?????????????????????
?????????????????????????????????????
??????????????
1?????????????????????????????????????
32 ? 2? ??????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
?????????????????????????????????? [16]. ??
??????????????????? [17]?????????????????
??????? [18].?????????????????????????????
??? [19],??????????? [20, 21]??????????????????
??????????????????????????????????????
??????????????????? [22]?????????????????
??????????????????????????????????????
???????????????????????? [23]?????????????
???????????????GA?????????????????????
? [24]??????????????????Azpilicueta????????????
??????????????????????????????? [25].
2?????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????? [16,26]
????
3?????????????????????????????????????
???????????????????????????????? [17, 27, 28]?
?????????????????????????????????????
???????????????????? 3?????????????????
?????4??????????? 2?????????????? [29]????
???? 6?????????????????????????????????
??????????????????????? [30, 31]?
33
? 3?
????? I
?????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
????????????????????????? I????????????
??????????????????????????????????
3.1 ????????????????????
?????2????????????????????????????????
?????????????????? 3???????????????????
??????????????????????????????????????
????i?????? wi ???????????????nth ??????????
?????????????????????? 3?????????????
?? 1?????????????? (wp1 , . . . ,wpn)????n≤ nth??
?? 2????????
?? 3????????????? (wp1 , . . . ,wpn)?????????,??????
?????????
???????????? n?????????????????????????
??????????????????????????????? n??????
????????????????? n????????????????????
????????????????????????????????
34 ? 3? ????? I
? 3.1 ???????
面1
面２
受信点R
送信点T
X1
X2
面１→面２の順で反射するときの鏡像点
面２→面１の順で反射するときの鏡像点
→ 同じ鏡像点
? 3.2 ????????????
3.2 ????????????
?????????????????????????????????????
????????? 3.1 [32]??????????????????????????
???????????????????? 3.2?????? 1?? 2??????
??????????? 2?? 1???????????????????????
??????????????????? 1??????????????????
????????????
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集合1：w ,w
集合2：w ,w
集合3：w ,w
x軸
z軸
y軸
3
12
4
6 w
5
1
2
3 4
6
5
w
w
ww
w
? 3.3 ???????? 1?
??????????????????????????????????????
????????????????? 3.2???????????? R???????
???????????????????????????????????? X2?
??????????????????????????????????????
???X2????????????????????? X2???????? X1?
??????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????????
???????????????3.1???? 1?????????????????
??????????????????????????????????????
???????????????
3.3 ???????????
??????????????????????? 3 ????????????
3.3??
?? 1???????? x??????
?? 2???????? y??????
?? 3???????? z??????
??????????????????????????????????????
???????? wi ??????????? I(wi)????I(wi) = 1,2, or 3??
n ????????????????????????????????
(wp1 ,wp2 , . . . ,wpn) ????N ???????????????????? Nn ???
???????????????????????? N(N−1)n−1 ????????
36 ? 3? ????? I
???????? n???????????????????????? I??
I(wp1)≤ I(wp2)≤ ·· · ≤ I(wpn), (3.1)
??????????????????????????????????????
???????????????????????????
????? 3.3?????? (w2,w1,w6)??? (w1,w6,w3)??????????
?????????? (w1,w3,w6)???????????????w3 ? w6 ???
???????(w1,w3,w6)????? (w1,w6,w3)??????????????
3.4 ???????????????????????
??
??????????? 3.3??????? 1, 2, 3??????????????
???? wi ???? r = (rx,ry,rz)????? Mwi(r)??????????? wi ?
??????? w j ????????? r????? Mw j ◦Mwi(r)????
?????????????????????????????????????
????????????
?? 3.4.1. I(wi) ̸= I(w j)???
Mwi ◦Mw j(r) =Mw j ◦Mwi(r). (3.2)
[??] ???????????I(wi) = 1?I(w j) = 2?????? wi ? x ??? xi?
? w j ? y??? yi ????
Mwi(r) = (2xi− rx,ry,rz),
Mw j(r) = (rx,2y j− ry,rz),
(3.3)
??????
Mwi ◦Mw j(r) =Mwi(rx,2y j− ry,rz) = (2xi− ri,2y j− r j,rz), (3.4)
Mw j ◦Mwi(r) =Mw j(2xi− rx,ry,rz) = (2xi− ri,2y j− r j,rz). (3.5)
?????? (3.2)??????
?????? (wp1 , . . . ,wpn)??? r????? M(wp1 ,...,wpn )(r)????
M(wp1 ,...,wpn )(r) =Mwp1 ◦ · · · ◦Mwpn (r), (3.6)
??????
?? 3.4.2. I(wp j) ̸= I(wpk)? j = 1, . . . ,k−1????
M(wp1 ,...,wpk−1 ,wpk ,wpk+1 ...,wpn )(r) =M(wpk ,wp1 ,...,wpk−1 ,wpk+1 ...,wpn )(r). (3.7)
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[??]
M(wp1 ,...,wpk−1 ,wpk ,wpk+1 ...,wpn )(r) =Mwp1 ◦ · · · ◦Mwpk−1 ◦Mwpk (r
′). (3.8)
???
r′ =Mwpk+1 ◦ · · · ◦Mwpn (r), (3.9)
?????? 3.4.1??
Mwp1 ◦ · · · ◦Mwpk−1 ◦Mwpk (r
′)
=Mwp1 ◦ · · · ◦Mwpk ◦Mwpk−1 (r
′) =Mwp1 ◦ · · · ◦Mwpk (r
′′). (3.10)
???
r′′ =Mwpk−1 ◦Mwpk+1 ◦ · · · ◦Mwpn (r). (3.11)
????????????? wpk ??????????? Mwpk ?????????
????????????????????
?? 1 ????? 2 ? 3 ???????????? 2 ????? 3 ?????
?????????????? (wp1 , . . . ,wpn) ?????????????????
(wp∗1 , . . . ,wp∗n)?????????????????? 1?2?3??????????
?????????????? (wp∗1 , . . . ,wp∗n)????? wpi ? pi(i)???????
???I(wpi) = I(wp j)?? i< j???????pi(i)< pi( j)?????????
?? 3.4.3.
M(wp1 ,...,wpn )(r) =M(wp∗1 ,...,wp∗n )
(r). (3.12)
[??] ?? (wp∗1 , . . . ,wp∗n)??????? 1?????? k?????????? wp∗1
??? wp∗k ??? 1???????????????? 1????????????
???????? (wp1 , . . . ,wpn)???????? 1??? wp∗1 ?? wp∗k ?????
???(wp1 , . . . ,wpn)????? wp∗1 ? pi
−1(1)?????????????????
3.4.2??
M(wp1 ,...,wpn )(r) =M(wp1 ,...,wppi−1(1)−1,wp∗1 ,wppi−1(1)+1,...,wpn )
(r)
=M(wp∗1 ,wp1 ,...,wppi−1(1)−1,wppi−1(1)+1,...,wpn )
(r). (3.13)
?????? (wp1 , . . . ,wpn)????????????? 1?? wp∗1 ???????
??????????????????????????????????????
(wp1 , . . . ,wpn)?????? 1????????? 1???????????????
?????????????????????????????
M(wp1 ,...,wpn )(r) =M(wp∗1 ,...,wp∗k ,wp1 , . . . ,wpn︸ ︷︷ ︸
n−k
)(r). (3.14)
38 ? 3? ????? I
???????????? 2????? 3?????????????
M(wp1 ,...,wpn )(r) =M(wp∗1 ,...,wp∗k ,wp∗k+1 ,...,wp∗k+l ,wp1 , . . . ,wpn︸ ︷︷ ︸
n−k−l
)(r)
=M(wp∗1 ,...,wp∗n )
(r). (3.15)
???????? l ??? (wppi1 , . . . ,wppin ) ???????? 2 ??????????
(3.12)??????
?? 1, 2, 3??????????????? 1????? 2? 3????????
???? 2????? 3???????????????????????????
?? Π??????? 3.4.3???Π?????????????????????
???????????? 1, 2, 3????????????Pw ?????????
???? Π?????Pw ??????????????????????????
????????????????
3.5 ??????
?????????????????????????????????????
????????????????? 1???? N1??? 2???? N2??? 3?
??? N3 ?????????? I??????????????n????????
?????????????? f (n)?
f (n) = (N1+N2+N3)?(N1+N2+N3−1)n−1 , (3.16)
??????????????? I???????n???????????????
??????? g(n)?
g(n) =
n
∑
k=0
n−k
∑
l=0
g1(k)g2(l)g3(n− k− l), (3.17)
??????? gi(n) ??? i ? n ??????????????????????
???????????????????????????????????????
???????????
gi(n) =
{
1, n= 0
Ni(Ni−1)n−1, n≥ 1
(3.18)
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?????
g(n) =
n−1
∑
k=1
n−k−1
∑
l=1
g1(k)g2(l)g3(n− k− l)
+ ∑
(i, j,k)=(1,2,3),(2,1,3),(3,1,2)
gi(0)
n−1
∑
k=1
g j(k)gk(n− k)
+ ∑
(i, j,k)=(1,2,3),(2,1,3),(3,1,2)
gi(n)g j(0)gk(0)
=
n−1
∑
k=1
n−k−1
∑
l=1
N1(N1−1)k−1N2(N2−1)l−1×N3(N3−1)n−k−l−1
+
2
∑
i=1
3
∑
j>i
n−1
∑
k=1
Ni(Ni−1)k−1N j(N j−1)n−k−1+
3
∑
i=1
Ni(Ni−1)n−1, (3.19)
???????? 3.3 ??????????????????????????
N1 = N2 = N3 = 2?????
f (n) = 6?5n−1. (3.20)
???????? I??
g(n) = 4n2+2, (3.21)
????? (3.20) ?? (3.21) ??????? f (n) ? n ?????????????
??g(n)?? n???????????????????????????? I??
????????????????????????????
?????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
?????????????????????? 3.4??????????????
? 3????????????? 3??????????????????????
??? 4?? 5???? 6????????????????????? 3,? 4,...?,
?? 3,? 5,...?,?? 3,? 6,...?,????? 3??? y?? z??????????
??????????????????????????????????????
???????????
?????????????????????????????????????
??????????????????????????????????????
????
?????????????????????? (wp1 ,wp2 , . . . ,wpn)???????
?????????????????????????????? (wp1 ,wp2 , . . . ,wpn)
??????????????????????????????????
40 ? 3? ????? I
壁1 壁2 壁3 壁4 壁5 壁6
x軸
y軸
送信点
? 3.4 ??????????????????
? 3.1 ??????????
?? ??
???????? 2 m
???????? 1.8 m
??? 2.4GHz
?????? 1
??????? ????
?? ????
?????? ??????
?????? 10 cm
11m
15m
0m
20m
6m
送信点
受信点
30m
12m
0m
2.5m
? 3.5 ?????? 1???:??????
3.6 ??????????
????? I????????????????????????? 3.5??????
? 3.5 ???????????????????????????????????
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? 3.2 ????? I???????????:??????
????
??
????? [s] ????? I[s] ??????
??? I??
1 0.0022 0.0018 0.8182
2 0.0027 0.0018 0.6667
3 0.0051 0.0041 0.8039
4 0.0144 0.0071 0.4931
5 0.0634 0.0107 0.1688
6 0.3459 0.0161 0.0465
7 2.0033 0.0243 0.0121
8 11.8045 0.0362 0.0031
9 68.4164 0.0493 0.0007
10 390.4814 0.0683 0.0002
?????????????????????????? Linux ??? (OS ubuntu
10.04 LTS)???????????? C????????? 3.2?????????
??????????????????????????????????????
??????? I??????????????????????????? 9??
????????? 1000?? 1???????????????
????? I ???????????????????????????????
? 3.3 ???????????????????????? 3.6 ?????????
? I????????????????????????????????????
???????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
???????????????
??????????????? 3.7??????????????? 3.8????
??????????????? Tx1 ?????????????????????
????????????????????????????????
??????? Tx1 ?????????????? 3.4??????? 3.5????
????? 3.9 ?????????? I ????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????
??????? Tx2 ?????????????? 3.4 ??????? 3.5 ???
?????? 3.10?????????? I???????????????????
42 ? 3? ????? I
? 3.3 ????? I???????????:??????
????
??
????? ????? I ??????
??? I??
1 6 6 1.0000
2 36 24 0.6667
3 186 62 0.3333
4 936 128 0.1368
5 4686 230 0.0491
6 23436 376 0.0160
7 117186 574 0.0049
8 585936 832 0.0014
9 2929686 1158 0.0004
10 14648436 1560 0.0001
0.0001
0.0010
0.0100
0.1000
1.0000
1 2 3 4 5 6 7 8 9 10
比
(高
速
化
手
法
I
/ 
従
来
法
)
反射回数上限
計算時間比
探索回数比
? 3.6 ????? I?????????????????:??????
???????????????????????????????????????
??????????????????????????????????????
???????????????
?????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
????????????????????????????? I?????????
??????????????????????????????3.2??? 3.2??
??????????????????????????????????????
3.6 ?????????? 43
Rx
Tx
1
Tx
2
? 3.7 ?????? 2???:??????
? 3.8 ?????
? 3.4 ????? I???????????? Tx1,??:??????
????
??
????? [s] ????? I[s] ??????
??? I??
1 0.0029 0.0016 0.5517
2 0.0048 0.0038 0.7917
3 0.0347 0.0205 0.5908
4 0.8608 0.1890 0.2196
5 29.3780 2.2130 0.0753
6 1008.8200 27.8170 0.0276
7 34145.1860 344.1110 0.0101
??????????????????????????????????????
????????
44 ? 3? ????? I
? 3.5 ????? I???????????? Tx1,??:??????
????
??
????? ????? I ??????
??? I??
1 31 31 1.0000
2 961 595 0.6191
3 28861 8479 0.2938
4 865861 107032 0.1236
5 25975861 1274227 0.0491
6 779275861 14734766 0.0189
7 23378275861 167506800 0.0072
0.001
0.010
0.100
1.000
1 2 3 4 5 6 7
比
(高
速
化
手
法
I
/ 
従
来
法
)
反射回数上限
計算時間比
探索回数比
? 3.9 ????? I?????????????????? Tx1,??:??????
? 3.6 ????? I???????????? Tx2,???:??????
????
??
????? [s] ????? I[s] ??????
??? I??
1 0.002 0.002 1.000
2 0.004 0.004 1.000
3 0.034 0.018 0.529
4 0.861 0.174 0.202
5 29.38 2.226 0.076
6 1008.82 27.98 0.028
7 34145.186 345.611 0.010
3.6 ?????????? 45
? 3.7 ????? I???????????? Tx2,??:??????
????
??
????? ????? I ??????
??? I??
1 31 31 1.000
2 961 587 0.611
3 28861 8388 0.291
4 865861 105816 0.122
5 25975861 1260664 0.049
6 779275861 14548294 0.019
7 23378275861 165481639 0.007
0.001
0.01
0.1
1
1 2 3 4 5 6 7
計算時間比
探索回数比
反射回数上限
? 3.10 ????? I?????????????????? Tx2,???:??????
46 ? 3? ????? I
3.7 3?????
?????????????????????????????????????
??????????????????????????????????????
????????????????? I?????????????????????
??????????????????????????????????????
??????????????????????????????????????
???????????????????
47
? 4?
????? II
4.1 ???????????
3 ????????????????????????????????????
??????????????????????????????????????
?????????????????
??????????????????? II ?????????????????
??????????????????????????????????????
????????????3??????? I??????????????????
????????????????????? II????????????????
?????????????????????????????
4.2 ???????????
??????????????????????????????????????
???3????????????????????? 4.2.1???????????
?????????? 4.2.2????????
4.2.1 ?????????????
?????3 ???????????????????????????????
??????????????? 4???????????? 4.1??
?? 1???????? x??????
?? 2???????? y??????
?? 3???????? z??????
?? 4??? 1?3????????????
48 ? 4? ????? II
ｘ軸
ｚ軸
ｙ軸
W
2
W
3
W
1
W
4
W
6
W
5
集合1:W
2
, W
5
集合2:W
1
集合3:W
3
, W
4
集合4:W
6
? 4.1 ????
??????????????????i?????? wi ?????? wi ????
??????? I(wi)????I(wi) = 1,2,3 or ,4?????n???????????
????????????????????? (wp1 ,wp2 , . . . ,wpn)????
?? 4 ?????????????????????????????????
???
If I(wpi) ̸= 4, I(wpi)≤ I(wpi+1), for i= 1, . . . ,n−1, (4.1)
?????? 4??????????????????????????? 4.1?
????? 4??? w6 ???????? (w2,w6,w2)? (w2,w6,w1)???????
?????
?????????????????????????????????????
????????????????????n?????????????????
?????????????? (wp1 ,wp2 , . . . ,wpn)????I(wpn) = k???????
? g(n,k)?????????????????????
g(n+1,1) = (N1−1)g(n,1)+N1g(n,4),
g(n+1,2) = (N2−1)g(n,2)+N2(g(n,1)+g(n,4)),
g(n+1,3) = (N3−1)g(n,3)
+N3(g(n,1)+g(n,2)+g(n,4)),
g(n+1,4) = (N4−1)g(n,4)
+N4(g(n,1)+g(n,2)+g(n,3)), (4.2)
????g(1, i) = Ni ???i= 1, ...,4????Ni ??? i???????????n?
??????????????????????? g(n)?????????
g(n) =
4
∑
k=1
g(n,k).
4.2 ??????????? 49
Ｗ
1
Ｗ
2
Ｗ
3
? 4.2 ????????????
4.2.2 ??????????????
4.2.1????????? 4????? 1?2?3????????????????
??????????????????? 4.2???????????????? w1
? w2 ?????? w3 ?????????????????4.2.1??????? 4?
???? 1?3????????????????????????????????
?????????????????????????
?????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????? xyz?????????????????????
???? 4.2.1???????????????
???????????????????????????????? n????
?????????i????? wi ??????????????????????
???????
pi+1 ̸∈ (O−pi ∪{pi}), for i= i, ...,n−1.
????O−i ???? wi ??????????????? i???????????
????????????????????
pi ̸∈ (O+pi+1 ∪{pi+1}), for i= i, ...,n−1.
????O+i ??? wi ??????????????? i????????????
?????????? n????????????????? wi ?????????
fi(n)????? fi(n)???????????
fi(n) = ∑
k ̸∈O+i ,k ̸=i
fk(n−1). (4.3)
50 ? 4? ????? II
W
4
W
6
W
2
W
1
W
5
W
3
z軸
y軸
x軸
? 4.3 (4.4)???????????????
????? 4.3?????????? w1 ? w2?X??????? w3 ? w4?Y??
????? w5??????????????????w5 ???????? w6 ???
?????
O+1 = O
+
2 = {3,4,5,6},
O+3 = O
+
4 = {5},
O+5 = O
+
6 = φ ,
??????????4.3???
f1(n) = f2(n−1),
f2(n) = f1(n−1),
f3(n) = f1(n−1)+ f2(n−1)+ f4(n−1)+ f6(n−1),
f4(n) = f1(n−1)+ f2(n−1)+ f3(n−1)+ f6(n−1),
f5(n) = f1(n−1)+ f2(n−1)+ f3(n−1)+ f4(n−1)+ f6(n−1),
f6(n) = f1(n−1)+ f2(n−1)+ f3(n−1)+ f4(n−1)+ f5(n−1).
???? f1(1) = ...= f6(1) = 1????????
f1(n) = f2(n) = 1,
f3(n) = f4(n) = 2+ f3(n−1)+ f5(n−1),
f5(n) = f6(n) = 2+2 f3(n−1)+ f5(n−1), (4.4)
??????????????? N ?????n????????????????
???????? f (n)?????????
f (n) =
N
∑
i=1
fi(n).
4.3 ?????????? 51
? 4.1 ??????????
?? ??
???????? 2 m
???????? 1.8 m
??? 2.4GHz
?????? 1
??????? ????
?? ????
?????? ??????
?????? 10 cm
? 4.2 ?????????????
?????? 1 2 3 4 5 6 7 8
??? 6 36 186 936 4686 23436 117186 585936
??? 6 28 102 352 1198 4060 13742 46496
??? 6 26 80 216 550 1362 3328 8080
4.3 ??????????
????? II???????????????????????????????
????? 4.1????
4.3.1 2???????????
?????4.2.1 ?????????4.2.2 ??????????????????
?????
???? 4.4???????????????????????????????
??? 4.2????? 4.2??????? 1? 4.2.1??????? 2? 4.2.2???
????????? 4.2????? 2?4.2.2??????????????????
?????????
???????????????? 4.4 ????????????????? 4.3
????? 4.3????? 2?4.2.2???????? 1?4.2.1??????????
????????????0.82??6????? 0.76??????????????
???????
52 ? 4? ????? II
? 4.3 ???????
?????? 1 2 3 4 5
??? 40 1522 57838 2197846 83518150
?? 1 40 1142 31580 872699 24115600
?? 2 40 1070 27010 679395 17078296
Rx
Tx
5 m
0 m
10 m
15 m
20 m
5 m
10 m
? 4.4 ?????? 1
4.3.2 ????? II???????????
4.3.1??????????????????????? II???????????
??4.2.2??????????????????????????????????
?? 4.4???????????????????????????????????
?????????????? Linux??? (OS ubuntu10.04 LTS)????????
???? C????????
? 4.4??????????????????????????????????
???????????????????? II?????????????????
???????????????? 6??????????? 10?? 1?????
??????????
???? 4.5???????????????????????????????
?????????????????????????????????? II???
???????????????????????? 6??????????? 10?
? 1?????????????
4.3 ?????????? 53
Tx
1
Tx
2
5 m
? 4.5 ?????? 2
? 4.4 ????? II??????????????? 1?
????
??
????? [s] ????? II[s] ??????
??? I??
1 0.002 0.002 1.000
2 0.002 0.002 1.000
3 0.004 0.003 0.750
4 0.008 0.006 0.750
5 0.015 0.008 0.533
6 0.050 0.013 0.260
7 0.216 0.028 0.130
8 1.072 0.051 0.048
9 5.662 0.095 0.017
10 30.571 0.201 0.007
54 ? 4? ????? II
? 4.5 ????? II?????????????????? 1?
????
??
????? ????? II ??????
??? II??
1 6 6 1.000
2 36 26 0.722
3 186 80 0.430
4 936 216 0.231
5 4686 550 0.117
6 23436 1362 0.058
7 117186 3328 0.028
8 585936 8080 0.014
9 2929686 19558 0.007
10 14648436 47274 0.003
0.001
0.01
0.1
1
1 2 3 4 5 6 7 8 9 10
反射回数上限
探索回数比
計算時間比
? 4.6 ???????????
4.3 ?????????? 55
? 4.7 ?????
??????????????????????? 4.5???????? II????
??? 4.7 ????????????????? Tx1 ??????????????
???????????????????????????????????????
? 4.5???????????????????????????????????
????????????????? 4.6???????????????????
??????????????????????????????????? II??
???????????????????????????? II??????? I?
??????????????????????????????????? 4.7??
?????????????????????????????? 6???????
???? 4?? 1???????????????
???? 4.9?????????? II????????????????????
??????????????????????????????????????
??????
56 ? 4? ????? II
? 4.6 ????? II??????????????? 2??? Tx1?
nth ????? [s] ????? II [s]
??????
??? I??
1 0.001 0.001 1.000
2 0.002 0.002 0.950
3 0.056 0.037 0.660
4 1.988 0.887 0.446
5 88.077 25.258 0.286
6 4775 710.264 0.148
? 4.7 ????? II??????????????? 2??? Tx1?
nth ????? ????? II
??????
??? I??
1 40 40 1.000
2 1522 1070 0.703
3 57838 27010 0.467
4 2197846 679395 0.309
5 83518150 17078296 0.204
6 3173689702 429227944 0.135
0.1
1
1 2 3 4 5 6
反射回数上限
探索時間比
探索回数比
? 4.8 ?????????????????? 2??? Tx1?
4.3 ?????????? 57
? 4.8 ????? II??????????????? 2??? Tx2?
nth ????? [s] ????? II [s]
??????
??? I??
1 0.001 0.001 1.000
2 0.002 0.002 1.000
3 0.056 0.036 0.643
4 1.988 0.933 0.469
5 88.077 26.791 0.304
6 4775 769.919 0.161
? 4.9 ????? II??????????????? 2??? Tx2?
nth ????? ????? II
??????
??? I??
1 40 40 1.000
2 1522 1097 0.721
3 57838 28081 0.486
4 2197846 715386 0.325
5 83518150 18222307 0.218
6 3173689702 464099881 0.146
0.1
1
1 2 3 4 5 6
反射回数上限
探索時間比
探索回数比
? 4.9 ?????????????? Tx2
58 ? 4? ????? II
4.4 4?????
??????????????????? II?????????????????
??????????????????????????????????????
??? II?????? I???????????????????????????
????????? II????????????????????????????
????????????????????? I????????????????
??????????????????????????????????????
????????????
59
? 5?
????? III
?????????????????????????????????????
?????5?????????????????????????????????
??????????????????????????????????????
?????????????????????????????????????
5.1 ?????????????
?????????????????????????????????????
??????????????????????????????????????
?????????
???????????????????? n????????????????
??????????????????n??????????? 5.1???????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
?????
5.2 ??????????
????? III???????????????? nth ?; nth ≤ n????????
???????????????????????nth+1????????????
??????????????????????????????????????
???????????????
????? 5.2???????? 22??????????????????????
??nth = 1?????????????????????????????????
???????????????????????n= 1?????????????
60 ? 5? ????? III
???
???
? 5.1 ??????????????
T
x
R
x
? 5.2 ??????????
? 5.1 ???????
?????? ????? I ????? III?? ???
2 360 40 1.111.E-01
3 5022 78 1.553.E-02
4 66976 144 2.150.E-03
5 879126 246 2.798.E-04
6 11470824 392 3.417.E-05
7 149331646 590 3.951.E-06
8 1942366080 848 4.366.E-07
9 25256032470 1174 4.648.E-08
10 3.28355E+11 1576 4.800.E-09
????????? 6???????2(nth)??????????????????
???????6 ???????????????????? I ?????????
?????????????? 5.1??????????????????????
???
????? III?????????????????????????????? I
5.3 ?????????? 61
? 5.2 ??????????
?? ??
???????? 2 m
???????? 1.8 m
??? 2.4GHz
?????? 1
??????? ????
?? ????
?????? ??????
?????? 10 cm
? II????????????????????????????????????
?? nth ??????????????????????????????????
??????????????????????????????????????
???
5.3 ??????????
????? III???????????????????????????????
??????? 5.2 ??????????????? L ????? Pr ????? Pt
???????? 10????????
L=−10log10(Pr/Pt),
????????? dB?????
5.3.1 ????????????????????
?????? I?????? III????
????? III????????????????? 5.3????????????
????????????????????????????????????? III
???????????????????? nth ??nth ≤ n?????????? I?
????????????????????? n????????? III??????
??????????? III ?????????????????????????
?????????? 5.3? Rx1? Rx2? 2??????????????????
?????????????????????? nth ??????????
???????? Rx1??????????????? 5.3?? 5.4???????
???????? I??????????????nth = 3???? 0.14???nth = 4
62 ? 5? ????? III
Rx2
Rx1
7.5 m
R1
R2
7.5 m
13 m
12.5 m
12 m
x
y
? 5.3 ?????? 1???:????????????
? 5.3 ???????? Rx1?
?????? ????? I ????? III?? ?????
1 26.8298 0.1651 0.0062
2 26.8298 0.7640 0.0285
3 26.8298 3.7637 0.1403
4 26.8298 7.4599 0.2780
5 26.8298 8.7974 0.3279
6 26.8298 26.8298 1.0000
? 5.4 ???????? Rx1?
?????? ????? II ????? III?? ?????
1 147334766 2251 0.0001
2 147334766 302943 0.0021
3 147334766 1973059 0.0134
4 147334766 4057288 0.0275
5 147334766 5224483 0.0355
6 147334766 147334766 1.0000
????? 0.28???????????????????????????????
? I??????? 5.4????????????????????????????
????????????????????????????
?????????? 5.5???????????????? 0.5 dB?2??? -0.9
dB?3??-0.3 dB?4?? 5????????? 0 dB??????????????
???????????? [33]? [17]?????????????????????
????????????????????????? 1 dB???????????
5.3 ?????????? 63
0.001
0.01
0.1
1
1 2 3 4 5 6
反射回数上限
計算時間比
探索回数比
? 5.4 ??????????????? Rx1?
? 5.5 ???? [dB]???? Rx1?
?????? ?????? ????? III?? ?
1 98.5011 97.9848 0.5164
2 98.5011 99.3935 -0.8924
3 98.5011 98.8231 -0.3220
4 98.5011 98.5011 0.0000
5 98.5011 98.5011 0.0000
6 98.5011 98.5011 0.0000
??????? 4???????????????0.28?????????????
???????????? 5.7????????? 4??????????????
??????????????????????????????????????
????
?????? Rx2??????????????? 5.6?? 5.7?? 5.4?????
????????? I??????????????nth = 3????????? 0.033
???nth = 4?????????? 0.039???????????????????
???????????? I????????????Rx1???????????
??????????????????????????????????????
???
?????????????? 5.8?? 5.7??????????????????
64 ? 5? ????? III
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1
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1 2 3 4 5 6
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反射回数閾値
計算誤差（絶対値）
計算時間比
高速化手法Iと
一致
0.5
? 5.5 ???????????? Rx1?
? 5.6 ???????? Rx2?
?????? ????? I ????? III?? ?????
1 27.5953 0.0238 0.0009
2 27.5953 0.2322 0.0084
3 27.5953 0.9236 0.0335
4 27.5953 1.0737 0.0389
5 27.5953 3.0268 0.1097
6 27.5953 27.5953 1.0000
??? 0.1 dB?2??? 0.006 dB?3? 0.0016 dB?4?? 5????????? 0 dB
???????????? 4???????????????? 0.12???????
??????????????????????????????????????
???????????????????????????????????? 1 dB
????????????? 4????????????????????????
????????????????????????????????
???? 5.3??????? R1? R2?????5cm?????????????
?? I?????? I+III???????????
??????? 6 ??? R1 ????? 5.8 ?????????????????
????????? nth ???????????????????????????
???????????nth=4?????????????????????????
5.3 ?????????? 65
? 5.7 ???????? Rx2?
?????? ????? I ????? III?? ?????
1 14734766 1011 0.0001
2 14734766 78092 0.0053
3 14734766 423042 0.0287
4 14734766 521595 0.0354
5 14734766 1688790 0.1146
6 14734766 14734766 1.0000
0.0001
0.01
1
1 2 3 4 5 6
比
（
高
速
化
手
法
I
I
I
/
高
速
化
手
法
I
）
反射回数上限
計算時間比
探索回数比
? 5.6 ??????????????? Rx2?
?? R2?????????????????????? nth ???????????
???????R1???????????????????????????R2?
???? nth = 4???????????????????????????????
66 ? 5? ????? III
? 5.8 ???? [dB]???? Rx2?
?????? ?????? ?????? II ?
1 51.1309 51.0219 0.1091
2 51.1309 51.1243 0.0066
3 51.1309 51.1294 0.0015
4 51.1309 51.1309 0.0000
5 51.1309 51.1309 0.0000
6 51.1309 51.1309 0.0000
0
0.5
1
0
0.5
1
1 2 3 4 5 6
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・
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l
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B
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反射回数閾値
計算誤差（絶対値）
計算時間比
高速化手法Iと
一致
? 5.7 ???????????? Rx2?
5.3 ?????????? 67
0
50
100
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200
0 5 10 15 20 25 30
y座標[m]
(a)
高速化手法I 高速化手法I+III
0
50
100
150
200
0 5 10 15 20 25 30
y座標[m]
(b)
高速化手法I 高速化手法I+III
0
50
100
150
200
0 5 10 15 20 25 30
y座標[m]
(c)
高速化手法I 高速化手法I+III
? 5.8 ????? III ???????????? ??? R1 ?????? 6
(a)nth=2?(b)nth=3?(c)nth=4
68 ? 5? ????? III
0
50
100
150
200
0 2.5 5 7.5 10 12.5
x座標[m]
(a)
高速化手法I 高速化手法I+III
0
50
100
150
200
0 2.5 5 7.5 10 12.5
x座標[m]
(b)
高速化手法I 高速化手法I+III
0
50
100
150
200
0 2.5 5 7.5 10 12.5
x座標[m]
(c)
高速化手法I 高速化手法I+III
? 5.9 ????? III ???????????? ??? R2 ?????? 6
(a)nth=2?(b)nth=3?(c)nth=4
5.3 ?????????? 69
Rx1
Rx2
11 m
15 m
? 5.10 ?????? 2???:??????????
5.3.2 ?????????????????
?????? II?????? III????
???????? III?????????????? 5.10????????????
??????????????????????????????????????
???? III???????????????????? nth ??nth ≤ n??????
???? II???????????????????? n????????? III?
??????????
????? III???????????????????????????????
???? 5.10? Rx1? Rx2? 2????????????? 6?????????
????????????????? nth ??????????
?????? Rx1??????????????? 5.9?? 5.10?? 5.11????
????? II??????????????nth = 4????????? 0.0013?
??nth = 5?????????? 0.0353???????????????????
??????????????????????????? 5.11?????????
??????????????????????????????????????
???
???????? 5.11?? 5.12 ??????????????????????
70 ? 5? ????? III
? 5.9 ???????? Rx1?
?????? ????? II ????? III?? ?????
1 693.205 0.003 4.3277.E-06
2 693.205 0.003 4.3277.E-06
3 693.205 0.036 5.1933.E-05
4 693.205 0.874 1.2608.E-03
5 693.205 24.462 3.5288.E-02
6 693.205 693.692 1.0007.E+00
? 5.10 ???????? Rx1?
?????? ????? II ????? III?? ?????
1 429227944 212 4.9391E-07
2 429227944 1169 2.7235E-06
3 429227944 28613 6.6662E-05
4 429227944 681230 1.5871E-03
5 429227944 18233441 4.2480E-02
6 429227944 429227944 1.0000E+00
? 5.11 ???? [dB]???? Rx1?
?????? ????? II ????? III?? ?
1 121.0279 121.0326 -0.0047
2 121.0279 121.3405 -0.3126
3 121.0279 122.0454 -1.0175
4 121.0279 121.0279 0.0000
5 121.0279 121.0279 0.0000
6 121.0279 121.0279 0.0000
?-0.005 dB?2????-0.313 dB?3??-1.0175 dB?4??5?????? 0 dB?
??????????????????????????????????????
??????? 1 dB?????????????????????????????
?????????????????????????????????
?????? Rx2????????????????? 5.14?? 5.12??????
??? II??????????????nth = 4???????? 0.0067???nth = 5
???????? 0.04024??????????????????????????
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1.E-07
1.E-06
1.E-05
1.E-04
1.E-03
1.E-02
1.E-01
1.E+00
1 2 3 4 5 6
反射回数閾値
計算時間比
探索回数比
? 5.11 ??????????????? Rx1?
0
0.5
1
0
1
2
3
4
5
6
1 2 3 4 5 6
反射回数閾値
計算誤差（絶対値）
計算時間比
高速化手法IIと
一致
? 5.12 ???????????? Rx1?
????? II????????????? 5.13??Rx1?????????????
??????????????????????????????????????
????????
??????????? 5.13?? 5.14?????????????????? 1?
???? 0.36 dB?2 ????-0.26 dB?3 ??-0.09 dB, 4 ???-0.05 dB ????5
???? 0 dB??????????? 5????????????????????
??????????????????????????????????????
72 ? 5? ????? III
? 5.12 ???????? Rx2?
?????? ????? II ????? III?? ?????
1 700.296 0.004 5.7119E-06
2 700.296 0.055 7.8538E-05
3 700.296 0.620 8.8534E-04
4 700.296 4.695 6.7043E-03
5 700.296 28.179 4.0239E-02
6 700.296 701.395 1.0016E+00
? 5.13 ???????? Rx2?
?????? ????? II ????? III?? ?????
1 429227944 253 5.8943E-07
2 429227944 24400 5.6846E-05
3 429227944 350297 8.1611E-04
4 429227944 2899172 6.7544E-03
5 429227944 18913313 4.4064E-02
6 429227944 429227944 1.0000E+00
? 5.14 ???? [dB]???? Rx2?
?????? ????? II ????? III?? ?
1 78.33793 77.97954 0.3584
2 78.33793 78.59432 -0.2564
3 78.33793 78.43231 -0.0944
4 78.33793 78.38705 -0.0491
5 78.33793 78.33793 0.0000
6 78.33793 78.33793 0.0000
???????????????????????????
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1.E-07
1.E-06
1.E-05
1.E-04
1.E-03
1.E-02
1.E-01
1.E+00
1 2 3 4 5 6
反射回数閾値
計算時間比
探索回数比
? 5.13 ??????????????? Rx2?
0
0.5
1
0
1
2
3
4
5
6
1 2 3 4 5 6
反射回数閾値
計算誤差（絶対値）
計算時間比
高速化手法IIと
一致
? 5.14 ???????????? Rx2?
74 ? 5? ????? III
5.4 5?????
5?????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
???????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
???????????????????????
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? 6?
??
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
????????
?????????????????????????????????????
?????????????????????????????????? I???
??????????????????????????????????????
?? I????,???????????????????????????????
???????????????????????????????????
?????????????????????????????????????
????????????? II??????????? II?????? I?????
??????????????????????????????? II??????
??????????????????????????????????????
????? I????????????????????????????????
??????????????????????????????????
5 ????????????????????????????????????
??????????????????????????????????????
??????????????????????????????? III??????
??????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????????
????? I?????? II?????????????????????????
???????????????????????????????
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??
?????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????
?????????????????????????????????????
???????????????????????????????
?????????????????????????????????????
???
?????????????????????????????????????
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